Title: R 



Application No.: 09/833,516 
Applicant: Terry Reiss et al. 
DETECTION AND VIRTUAL SENSOR METHODS f]j 
FAULT MONITORING 
Sheet 1 of 10 



ROLE OF MODEL 
DEFINED 



DATA COLLECTED 
FROM TOOL 
WHEN 
PERFORMANCE 
NORMAL 



u 

WW 

yj 

m 



Q 



MODEL 
INCLUDING 
REFERENCE DATA 

FILE 
CONSTRUCTED 



I 



TOOL OPERATED 
TO PRODUCE 
INPUT VECTOR 



REFERENCE DATA 
LIBRARY 
SEARCHED IN 
NEAREST 
NEIGHBOR 
SELECTION 
PROCESS 



VECTOR SUBSET 
COMPILED FROM 
SELECTED 
NEAREST 
NEIGHBOR 
VECTORS 



10 



12 



VECTOR SUBSET 
COMBINED TO 
PRODUCE 
OUTPUT 
PREDICTION 
VECTOR 



14 



FAULT 
DETECTION INDEX 
GENERATED 
FROM OUTPUT 
PREDICTION 
VECTOR 



16 



FIG.1A 



Title:* F 



Application No.: 09/833,516 
Applicant: Terry Reiss et al. 
DETECTION AND VIRTUAL SENSOR METHODS F 
FAULT MONITORING 
Sheet 2 of 10 




CD' 



CO' 



— I CO' 

l_U r— 



hi 



m 



CO 

W 



ttjCvl' 

u_ 



O' 



cm . 



co 



CNJ 




CO 




f 



Titte: 



• 



Application No.: 09/833,516 
Applicant: Terry Reiss et al. 
DETECTION AND VIRTUAL SENSOR METHODS 
FAULT MONITORING 
Sheet 3 of 10 



3/10 




23:50:14 



00:01 



00:02 



00:22 



00:33 



00:44 



00:55 



TIME 



FIG.2A 




12:59:14 13:04 13:08 13:13 13:18 13:23 13:28 13:32 

time FIG.2B 




12:57:11 16:02 



16:06 
TIME 



16:11 16:16 16:21 

FIG.2C 



16:26 



16:30 



Application No.: 09/833,516 
Applicant: Terry Reiss et al. 
Title: FAUL^HffECTION AND VIRTUAL SENSOR METHODS FOR, 
FAULT MONITORING 
Sheet 4 of 10 




4/10 



0- 

FIRST 

FAULT -1 ■ 
DETECTION 
INDEX 2 



T | p ' pn^i"[in T'j|i YH| . ^ yvi tPfiji'wy[iiyp'yi i ]«r 



-3- 



t — i — i — i — i — i — I — I — i — i — i — I — I — i — r 

1 201 401 601 801 



n — i — i — i — i — i — i — i — i — r 

1001 1201 T 1401 



WAFER NO. 

FIG.3 



2 
1 
0 

SECOND 
FAULT -1 
DETECTION 
INDEX 2 

-3 
-4 









> 




















1 — i — i — i — i — i — i — i — i — i — i — i — i — i — i — i — i — i — i — i — i — i — i — i — i — i — i — r 


'-i — i — r— ' 



201 401 601 801 1001 1201V 1401 

WAFER NO. 



FIG.4 



Title: R 



Application No.: 09/833,516 

Applicant: Terry Reiss et al. 

ETECTION AND VIRTUAL SENSOR METHODS F^OL 
FAULT MONITORING 
Sheet 5 of 10 



+ 



5/10 



2 
1 
0 

THIRD 
FAULT -1 
DETECTION 
INDEX 2 

-3 
-4 



1 201 401 



601 801 1001 
WAFER NO. 

FIG.5 





















I 




i 















1201*2" 1401 





0 


FOURTH 


-1 


FAULT 




DETECTION 


-2 


INDEX 






-3 




-4 




-5 




1 201 401 601 801 1001 1201 T1401 



WAFER NO. 

FIG.6 



Title: F 




Application No.: 09/833,516 
Applicant: Terry Reiss et al. 
DETECTION AND VIRTUAL SENSOR METHODS F^ 
FAULT MONITORING 
Sheet 6 of 10 



^pOL 



3 
CD 



Oj L 










I . 






J 


I. J 


-0.267 




" v 






->* 












| 

-0.533 


















\ 




-J.8 






















'156 

2-1 t 

.j i i i. 








15 
2-1 ■ 


1 






2- 


158 


09:07:57 




09:09 


09:10 


09:10 


09:11 


09:12 


09:12 


09:13 


09:14 



1 

X 

T 



TIME 



FIG.7A 



2 1 


























/Ui /irr 












m 

■A 






















-7 






















156 








2 


1£ 
-1 


7 






2- 


158 
If 


09:07:57 




)9:09 


09:10 


09:10 


09:11 


09:12 


09:12 


09:13 


09:14 



a: 
=) 

CO 
CO 
LU 

a: 



o 



TIME 



FIG.7B 




09:07:57 



09:09 09:10 09:10 09:11 09:12 09:12 09:13 

TIME FIG.7C 




09:07:57 



09:09 09:10 09:10 09:11 09:12 09:12 09:13 
TIME 



FIG.7D 



Application No.: 09/833,516 

Applicant: Terry Reiss et al. 

Title: FAUi^fcTECTION AND VIRTUAL SENSOR METHODS FOF 
FAULT MONITORING 
Sheet 7 of 10 




7/10 




Title: FAU 




Application No.: 09/833,516 
Applicant: Terry Reiss et al. 
SECTION AND VIRTUAL SENSOR METHODS FO 
FAULT MONITORING 
Sheet 8 of 10 



8/10 



MEASURED - 



en 



oc 
o 

t 

LU 

o 

CO 
CO 



PREDICTED RANGE = = = : 




FIG.9A 



en 
o 



o 

CO 

r) 

CO 



MEASURED • 



PREDICTED RANGE = = = : 





T1 



TIME 



T 2 



FIG.9B 



Q_ 
LU 

o 

CO 

z> 

CO 



MEASURED — 
PREDICTED RANGE — 




TIME T 2 



FIG.9C 



Title: • FA! 



Application No.: 09/833.516 
Applicant: Terry Reiss et al. 
f TECTION AND VIRTUAL SENSOR METHODS FOI 
FAULT MONITORING 
Sheet 9 of 10 



♦ 



+ 



9/10 



1000 



in 
m 




1014 



FIG. 10 



Title: FAU 



Application No.: 09/833,516 
Applicant: Terry Reiss et al. 
ECTION AND VIRTUAL SENSOR METHODS FOR, 
FAULT MONITORING 
Sheet 10 of 10 



+ 



oo 



10/10 



LU 



m 
UJ 
w 



4=?a 

m 



m 

ni 

□ 



LO 



co 

LO 



LO 
LO 



a 



CO 
LO 



CNJ 
LO 



LO 



OO 


















1 — 


















CO 


















to 




































CO 


















CNJ 




































z. 

ZD 

OC 


I SENSOR 1 I 


[SENSORS LI 


I SENSOR 3 


I SENSOR 4 


I SENSOR 5 I 


I SENSOR 6 I 


I SENSOR 7 


| SENSOR 8 





















CM 


CO 




LO 


CO 


r-- 


OO 


oc 




OC 


OC 




OC 


OC 


cr 


o 


o 


o 


o 


o 




o 


O 


CO 


CO 


CO 


co 


CO 




CO 


CO 




z 




z 


z 


z 


z 

LU 


z 

LU 


LU 

CO 


LU 
CO 


LU 
CO 


LU 
CO 


LU 
CO 


LU 
CO 


CO 


CO 



LO 



on. L_ 

g o 

a: 

Q- 



CO* 
LO 



LO 



OO 



CO 








































































z 

ZD 
OC 


SENSOR 1 1 


SENSOR 2 1 


SENSOR 3 1 


SENSOR 4 1 


SENSOR 5 1 


i SENSOR 6 1 


SENSOR 7 


| SENSOR 8 



< 

g 
on 

D. 



C\J 



CO 



COCOCOCOCOCOCOCO 



a: or 

OO 
CO CO 



CNJ 

o 





LO 

a: 
o 

. _ co 

LU 

CO 



